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NOTICE 

This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on 
behalf c f  NASA: 

A.) Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness o f  the information contained in  th is 
report, or that the use of any information, apparatus, 
method, or process disclosed in this report may not 
infringe privately owned rights; or 

B.) Assumes any l iabi l i t ies with respect to the use of, 
or for damages resulting from the use of  any infor- 
mation, apparatus, method or process disclosed in  
th is report. 

As used above, "person acting on behalf of NASA" includes 
any employee or contractor of NASA, or employee o f  such can- 
tractor, to the extent that such employee or contractor o f  NASA, 
or employee of  such contractor prepares, di sreminates, or 
provides access to, any information pursuant to h is  employment 
or contract with NASA, or h is  employment with such contractor. 

Requests for copies of  th is report 
should be referred to: 

National Aeronautics and Space Administration 
Office of  Scientific and Technical Information 

Washington 25, D.C. 
Attention: AFSS-A 
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POTASSIUM CORROSION TEST LOOP DEVELOPMENT 

I INTRODUCTION 

This r e p o r t  covers  the per iod ,  from October 15 ,  1963 t o  
January 15 ,  1964, of a program t o  develop a pro to type  cor ros ion  
t e s t  loop f o r  the  eva lua t ion  of r e f r a c t o r y  a l l o y s  i n  bo i l ing  
and condensing potassium environments which s imula te  p ro jec t ed  
space e lec t r ic  power systems. The envis ioned pro to type  test  
c o n s i s t s  of a two-loop Cb-1Zr f a c i l i t y ;  sodium w i l l  be 'heated 
by  d i r e c t  r e s i s t a n c e  i n  a primary loop and w i l l  be used i n  a 
heat exchanger t o  b o i l  potassium i n  the  secondary, cor ros ion  
tes t  loop. H e a t  r e j e c t i o n  for condensation i n  the  secondary 
loop w i l l  be accomplished by r a d i a t i o n  i n  a high vacuum envi r -  
onment. The immediate corrosion test des ign  cond i t ions  are 
shown below; i t  i s  expected t h a t  the  temperatures  could be 
increased  by about 400'F when t e s t i n g  i s  extended t o  include 
r e f r a c t o r y  a l l o y s  s t ronge r  than Cb-1Zr .  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Boi l ing  temperature,  1900'F 

Superheat t e m p e r a t u r ~ 2 0 0 0 ' F  

Condensing temperature,  1350°F 

Subcooling temperature,  800'F 

Mass flow ra te ,  20 t o  40 lb /hr  

Vapor v e l o c i t y ,  100 t o  150 f t / s e c  

Average hea t  f l u x  i n  the  potassium b o i l e r  - 
50,000 t o  100,000 BTU/hr f t 2  

The development program w i l l  proceed w i t h  t h e  cons t ruc t ion  
and opera t ion  of t h r e e  Cb-1Zr test loops ,  each of which w i l l  be 
used i n  a sequence of component eva lua t ion  and endurance t e s t i n g .  
Loop I ,  a n a t u r a l  convection loop,  w i l l  be operated f o r  1,000 
hours  with l i q u i d  sodium a t  2200eF t o  eva lua te  t h e  e l e c t r i c a l  
power vacuum feed-throughs,  thermocouples, the  method of a t t ach ing  
t h e  e l e c t r o d e s ,  the  e l e c t r i c a l  r e s i s t i u i t y  character is t ics  of t he  
h e a t e r  segment, and t h e  use of thermal and e lec t r ica l  in su la t ion .  
Loop 11, a s ingle-phase,  forced-c i rcu la t ion  loop, w i l l  be operated 
for 2,500 hours  w i t h  l i q u i d  sodium a t  about 2100'F t o  eva lua te  the 
primary loop EM pump, a flowmeter, flow c o n t r o l  and i s o l a t i o n  va lves ,  
and pressure  t ransducers .  The Pre-prototype Corrosion T e s t  Loop, a 
two-loop system, w i l l  incuude a b o i l e r ,  t u rb ine  s imula tor ,  and 
condenser i n  add i t ion  t o  the  above components. This loop f a c i l i t y  
w i l l  be used t o  develop and endurance test  (2,500 hours )  the com- 
ponents  requi red  t o  achieve s t a b l e  ope ra t ion  a t  t h e  cor ros ion  test 
des ign  condi t ions .  

-1- 



The quarterly reports issued for this program will summarize 
the status of the work with respect to design considerations, 
construction procedures, and test results. Detailed topical 
reports will also be issued to describe each test loop,, Additional 
topical reports will be prepared to cover such areas as materials 
specifications, purification of potassium and sodium, and inert gas 
purification and analysis. 
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I1 PROGRAM STATUS 

1. Loop Design 

The des ign  of Component Evaluat ion T e s t  Loop 11, t h e  s ing le -  
phase,  fo rced -c i r cu la t ion  loop i n  which sodium w i l l  be c i r c u l a t e d  
a t  2100°F, has been e s s e n t i a l l y  completed. Figure 1 i s  an iso-  
metric drawing of Loop I1 and i n d i c a t e s  t h e  o r i e n t a t i o n  of t h e  
p r i n c i p a l  loop components. The prel iminary performance test cbn- 
ducted on t h e  vacuum environmental chamber a t  manufacturer 's  
p l a n t  w i l l  be discussed l a t e r  i n  t h i s  r epor t .  A l l  loop com- 
ponents which w i l l  come i n  contact  with t h e  sodium are constructed 
of Cb-1Zr a l l o y  with t h e  exception of t h e  molybdenum a l l o y  (TZM) 
valve plug and pin.  The valve temperature w i l l  be maintained below 
800°F. A f a s t  response pressure t ransducer  designed so t h a t  only 
r e f r a c t o r y  a l l o y s  are i n  contact  with t h e  a l k a l i  metal w i l l  be p u t  
i n t o  Loop I1 i f  a v a i l a b l e  p r i o r  t o  the f i l l i n g  of t he  loop with 
sodium. 

The design of the Pre-prototype Corrosion T e s t  Loop, a two 
loop s y s t e m ,  has  been continued during t h i s  qua r t e r .  Design 
s e l e c t i o n s  have been made f o r  a l l  of t he  p r i n c i p a l  loop components 
and d e t a i l  design of t h e  system has begun. A r a d i a t i o n  type of 
p rehea te r  w i l l  be used' t o  heat  t he  l i q u i d  potassium t o  the  sa tu ra -  
t i o n  temperature. The tube-in-tube, h e l i c a l ,  sodium-to-potassium 
b o i l e r  w i l l  include a wire-wrapped rod type of i n s e r t  i n  t he  en- 
t r a n c e  region of t h e  b o i l e r .  The t u r b i n e  s imulator  w i l l  c o n s i s t  
of 10  p a i r s  of nozzles  and blades i n  series, s i z e d  t o  give a 
vapor v e l o c i t y  of 1,000 f e e t  p e r  second i n  the  nozzle t h r o a t  and 
a q u a l i t y  of 88%. Potassium flow i n  t h i s  system w i l l  be approxi- 
mately 40 pounds p e r  hour. 

2. Material and Equipment Procurement 

Most of t h e  Cb-1Zr a l l o y ,  with t h e  except ion of t h e  200 f e e t  
of 3/8-inch OD tub ing ,  which w i l l  be used i n  t h e  cons t ruc t ion  of 
Loop I1 and t h e  Pre-prototype Loop has  been received. The inspec- 
t i o n  of Cb-1Zr a l l o y  is  proceeding and, i n  g e n e r a l ,  t h e  r e s u l t s  
obtained have s a t i s f i e d  t h e  materials s p e c i f i c a t i o n  requirements 
of t he  program. 

The environmental test chamber f o r  Loop 11, which has  i n s i d e  
working dimensions of 54 inches i n  h e i g h t  x 24 inches i n  diameter ,  
w a s  received and i n s t a l l e d  a t  General E lec t r ic  i n  mid-January. 
This equipment i s  shown i n  Figure 2. P r i o r  t o  shipment, t he  system 
s u c c e s s f u l l y  passed t h e  preliminary acceptance test  a t  the  manu- 
f a c t u r e r ' s  p l a n t .  A pressure of 4.1 x 10-10 t o r r  w a s  achieved i n  
less than 24 hours fol lowing a 30-minute exposure t o  air .  This 
p r e s s u r e  w a s  obtained without t h e  use of t h e  t i tanium sublimation 
pumps which are t o  be used t o  handle peak outgassing loads.  



The cons t ruc t ion  of t he  128-inch high x 48-inch diameter  
vacuum chamber f o r  t h e  Pre-prototype Loop i s  nea r ly  complete, and 
the  system should be shipped t o  General Electr ic  i n  February.  

3, Component Evaluat ion "est Loop I 

The cons t ruc t ion ,  f i l l i n g ,  and i n s t a l l a t i o n  of Loop I w a s  
completed dur ing  the  las t  qua r t e r .  A number of the  Loop I compo- 
nen t s  a r e  shown i n  F igure  3. P r i o r  to  welding the  loop and 
anneal ing these  weldments, equipment q u a l i f i c a t i o n  tests were 
conducted with Cb-1Zr a l l o y  specimens. 
t he  requirements of s p e c i f i c a t i o n  SPPS-3B e n t i t l e d ,  "Welding of 
Columbium - 1% Zirconium Alloy by the  Inert-Gas Tungsten Arc 
Process.  

A l l  weld specimens passed 

11 

The f a b r i c a t e d  loop is shown i n  Figure 4. Following f a b r i -  
c a t i o n ,  t he  loop w a s  helium l e a k  checked and baked ou t  a t  250°F 
p r i o r  to f i l l i n g  the  loop wi th  112 grams of p u r i f i e d  sodium. An 
i n - l i n e  sampler was used t o  re ta in  a p o r t i o n  of t he  hot-trapped 
sodium dur ing  t h e  f i l l i n g  of t h e  loop. The sodium was found t o  
conthin 20 ppm oxygen as determined by seven ana lyses  us ing  the  
mercury amalgamation procedure. The s tandard  dev ia t ion  f o r  t h i s  
method is  +2.5,4 gm oxygen a s  determined i n  t h i s  l abora to ry  on 
potassium, I n s u f f i c i e n t  d a t a  are a v a i l a b l e  a t  t h i s  t i m e  t o  
e s t a b l i s h  the  s tandard  dev ia t ion  f o r  sodium. 

Loop I was then i n s t a l l e d  i n  the  vacuum test  chamber which 
The was shown in the f i r s t  p rogress  r e p o r t  on t h i s  program(1). 

instrumented and i n s u l a t e d  loop is shown mounted i n  the  test 
chamber i n  F igure  5 ,  and t h e  a s soc ia t ed  equipment, inc luding  the  
p a r t i a l  p re s su re  ana lyzer ,  power supply ,  temperature  c o n t r o l l e r ,  
and recording ins t ruments ,  are shown i n  Figure 6. 

4. Loop I1 Fabr i ca t ion  

P r i o r  t o  the  welding of Loop I1 components, a pre l iminary  
q u a l i f i c a t i o n  test of the  welding equipment was conducted accord- 
i n g  t o  requirements def ined  i n  S p e c i f i c a t i o n  SPPS-3C. Th$S spec- 
i f i c a t i o n  r e q u i r e s  t h a t  t he  i n e r t  gas  be p u r i f i e d  t o  conta in  less 
than 1 ppm a c t i v e  i m p u r i t i e s  by volume and twt the  contamination 
of t he  weld metal be he ld  t o  less than  50 ppm oxygen, 50 ppm 
n i t rogen ,  10 ppm carbon, and 5 ppm hydrogen. (The mass spec t rometer ,  
helium a n a l y s i s  sys tem which w i l l  e v e n t u a l l y  be used t o  monitor 
t he  gas p u r i t y  is not  y e t  i n  ope ra t ion ,  and i t s  s t a t u s  w i l l  be 
d i h u s s e d  i n  more d e t a i l  below. Pre l iminary  monitoring of t he  
p u r i f i e d  helium used t o  back- f i l l  t he  chamber is now being conducted 
with t h e  Brady appara tus  t o  determine the  oxygen concent ra t ion  and 

(1)  Potassium Corrosion T e s t  Loop Development, Q u a r t e r l y  Progress  
Report 1, Covering the  Period Ju ly  1 5 ,  1963 through October 1 5 ,  
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1963, NASA Cont rac t  NAS3-2547. 
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a dewpoint cup t o  determine the moisture  concent ra t ion . )  For 
t h e  q u a l i f i c a t i o n  t e s t ,  t he  chamber was evacuated t o  less than 
1 x t o r r  and had a l e a k  ra te  of 2.3 microns p e r  hour p r i o r  
t o  f i l l i n g  with helium (99.99% p u r i t y )  which w a s  passed through 
t h e  Linde Type 1 3 X  molecular s i eve .  Hot t rapping  and a n a l y s i s  
of t he  helium was not  conducted f o r  t h i s  equipment q u a l i f i c a t i o n  
test .  The r e s u l t s  of chemical analyses  of t he  weld metal and 
post-weld annealed specimens s a t i s f i e d  the  requirements of 
S p e c i f i c a t i o n  SPPS-3C and are compared with the  base material 
and f i l l e r  w i r e  i n  Table I. 

The welding chamber i n  which these  tests w e r e  conducted and 
i n  which Loop I1 and t h e  Pre-prototype Loop w i l l  be cons t ruc ted  
i s  shown i n  F igures  7 and 8. N o  f i e l d  welds w i l l  be used i n  t he  
f a b r i c a t i o n  of Loop I1 and the Pre-prototype Loop I. The l a r g e  
welding tank volume requi red  t o  accommodate t h e  loops dur ing  f i n a l  
assembly and subsequent modi f ica t ion ,  i f  r equ i r ed ,  i s  provided 
by t h e  extension tank shown i n  Figure 8. 

The f i r s t  weld on t h e  Cb-1Zr EM pump 
i n  December. Control  weld bend specimens 
and fol lowing welding t h e  pump components 
welding spec i f i ca t ion .  

The Cb-1Zr bellows to be used i n  the  

f o r  Loop I1 was made 
were prepared p r i o r  t o  
as requi red  by the  

cons t ruc t ion  of the  
i s o l a t i o n  and c o n t r o l  valves of Loop I1 and t h e  Pre-prototype 
Loop have been f ab r i ca t ed .  The bellows were f a b r i c a t e d  by a 
hydrau l i c  process  by Standard-Thomson Corporation and although 
some f a i l u r e s  occurred ,  35 bellows of 71  attemBted w e r e  found 
t o  be helium l eak  t i g h t  by the vendor. Addit ional  q u a l i t y  
assurance tests w i l l  be conducted on the  bellows before  they 
are  shipped t o  Hoke, Inc. ,  the va lve  manufacturer. 

The machining of t h e  pressure  t ransducer  components by t h e  
Taylor  Instrument Company has been completed and the  par ts  have 
been shipped. The welding of t h e  p re s su re  t ransducer  p a r t s  con- 
s t r u c t e d  of Cb-1Zr a l l o y  as w e l l  as a l l  o t h e r  Cb-1Zr loop compo- 
nen t s  w i l l  be performed i n  the welding chamber descr ibed above or 
by e l e c t r o n  beam welding a t  General Electr ic .  

5 .  Hel ium P u r i f i c a t i o n  System 

During t h e  p a s t  qua r t e r  t h e  helium p u r i f i c a t i o n  s y s t e m  w a s  
completed,  a t tached  t o  t h e  welding chamber, and used success fu l ly  
i n  the  welding of t h e  EM pump as noted above. The temporary system 
used t o  p u r i f y ,  coo l ,  and analyze t h e  helium i s  shown i n  Figure 9.  
The gas cool ing  c a p a b i l i t y  was found t o  be adequate a t  f low rates 
up t o  750 SCFH. During t h e  b a c k f i l l s  f o r  welding of the  EM pump, 
t h e  t i t an ium h o t  t r a p  was a t  1400° - 1450'F and t h e  f low rate used 
w a s  about 200 SCFH. Both oxygen and water were measured a t  less 
than  0.6 pp16 i n  t h e  helium used t o  f i l l  t he  welding chamber. 

-5- 



TABLF: I 

,RESULTS OF PRELIMINARY WELDING AND ANNEALING * 
QUALIFICATION TESTS WITH THE Cb-1Zr ALLOY 

Concentration (ppm) 

N H C - -  - 0 - Condition 

1. Base metal analysis by vendor 130 85 1 50 

2 30, 40 2. Base metal analysis by General Electric 142 22 

3. Filler wire 59 25 1 40 

4. Weld metal of this Qualification Test 106, 112 34, 41 2, 3 40 

5. Base metal heat treated 1 hdur at 138 44 2 10, 20 
0 2200 F in vacuum 

* 
Welding and annealing in accordance to Specification SPPS-3C with 
the exception of the helium purification and analysis procedure. 
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During one of t he  prel iminary gas f i l l i n g  ope ra t ions ,  it 
11 was discovered t h a t  t h e  t i t an ium hot t r a p  was producing smoke" 

which was subsequently i d e n t i f i e d  a s  p r imar i ly  magnesium o r i g i -  
n a t i n g  from t h e  t i t an ium sponge which contained up t o  0.4% 
magnesium. This  smoke" has been e l imina ted  by r ep lac ing  t h e  
t i t an ium sponge w i t h  t i t an ium tu rn ings .  

11 

6. Helium Analysis  System 

The mass spectrometer ,  helium analysis  system has  been com- 
p l e t e l y  assembled. On i n i t i a l  pump-down, a vacuum of 5 x 
t o r r  w a s  achieved a f t e r  t h ree  days of pumping on t h e  unbaked 
system wi th  only t h e  g l a s s  t r a p  cooled wi th  l i q u i d  n i t rogen .  A 
thorough bakeout of t h e  system i s  i n  progress ,  

Figure 10 is a photograph of t h e  p a r t i a l l y  assembled sampling 
and a n a l y s i s  system. In  the  foreground are t h e  mass spectrometer  
ana lyzer  tube and magnet. A schematic diagram of t h e  system was 
shown previous ly( l1 .  
sys tem with the  bakeout oven i n  p l ace ,  enc los ing  the  components 
which a r e  shown i n  Figure 10. The g l a s s  cold t r a p  i s  immersed  i n  
a D e w a r  f l a s k  conta in ing  l i qu id  n i t rogen ,  Above t h i s  i s  t h e  metal 
cold t r a p  which, i s  enclosed by t h e  hea t ing  mantle i n  t h e  photo- 
graph. The mercury d i f f u s i o n  pump and f o r e l i n e  system are a l s o  
v i s i b l e  behind the  cold t r ap .  Cont ro ls  f o r  t h e  p a r t i a l  p re s su re  
ana lyze r ,  i o n i z a t i o n  gauge, thermocouple gauge, and pump h e a t e r  
are loca ted  on t h e  instrument cart shown i n  Figure 11. During 
t h e  bakeout procedure,  t h e  recorder  monitors t h e  temperature  ind i -  
cated by f i v e  thermocouples a t tached  t o  var ious  Components. 

Figure 11 shows t h e  completely assembled 

The bakeout procedure w i l l  be completed i n  t h e  nea r  f u t u r e ,  
and t h e  mass spectrum of the  r e s i d u a l  gases  i n  t h e  sys tem w i l l  be 
inves t iga t ed .  The system should then be ready f o r  analysis  of 
t h e  welding chamber gases .  

(1) Potassium Corrosion T e s t  Loop Development, Q u a r t e r l y  Progress 
Report 1, Covering t h e  Period J u l y  15, 1963 through October 15, 
1963, NASA Contract  NAS3-2547. 
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111 FUTURE WORK 

The d e t a i l e d  drawings, f i l l i n g  procedure,  and test p lan  f a r  
Component Evaluat ion T e s t  h o p  I1 w i l l  be submitted t o  NASA f o r  
appreval. The d e t a i l i n g  of Pre-prototype Loop components w i l l  
continue. 

A f i n a l  acceptance t e s t  w i l l  be conducted a t  General  E l e c t r i c  
on t h e  24-inch diameter x 54-inch high vacuum tes t  chamber. The 
48-inch diameter x 128-inch high environmental  test f a c i l i t y  f o r  
t he  Pre-pratotype Loop w i l l  be i n s t a l l e d  and tested. 

Test Lcop I w i l l  be placed i n  ope ra t ion  fo l lewing  baking of 
t h e  vacuum test chamber. A p a r t i a l  p re s su re  ana lyzer  w i l l  be used  
t o  monitor t h e  concent ra t ion  of r e s i d u a l  gases  i n  t h e  test  env imn-  
ment . 

The f a b r i c a t i o n  of Loop I1 w i l l  proceed r ap id ly  dur ing  t h e  
next quar te r .  The cons t ruc t ion  of t h e  Hoke va lves ,  t he  EM pump 
and t h e  Taylor Instrument Company p res su re  t ransduoers  w i l l  be 
completed dur ing  t h i s  per iod.  

The bakesut procedure f o r  t h e  helium a n a l y s i s  s y s t e m  w i l l  be 
completed and the  mass spectrum of t h e  r e s i d u a l  gases  w i l l  be 
inves t iga t ed .  The system w i l l  then be ready f o r  a n a l y s i s  of t h e  
welding chamber gas. 
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Figure 4. Component Evaluation Test Loop I. (C63121903) 
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Figure  5. Component Eva-uation T e s t  Loop I I n s t a l l e d  i n  Vacuum T e s t  
Chamber. ((264012330) 
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